12 United States Patent

Tsal et al.

USO011764311B2

US 11,764,311 B2
Sep. 19, 2023

(10) Patent No.:
45) Date of Patent:

(54)

(71)

(72)

(73)

(%)

(21)
(22)

(65)

(63)

(1)

(52)

(58)

15

101

— -
102 Qz)

OPTICAL DEVICE AND ELECTRONIC
DEVICLE

Applicant: Advanced Semiconductor
Engineering, Inc., Kaohsiung (TW)

Inventors: Yu-Pin Tsai, Kaohsiung (TW);
Tsung-Yueh Tsai, Kaohsiung (TW);
Teck-Chong Lee, Kaohsiung (TW)

Assignee: ADVANCED SEMICONDUCTOR
ENGINEERING, INC., Kaohsiung
(IW)

Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 33 days.

Appl. No.: 17/488,076

Filed: Sep. 28, 2021

Prior Publication Data

US 2022/0020885 Al Jan. 20, 2022

Related U.S. Application Data

Continuation of application No. 16/503,318, filed on
Jul. 3, 2019, now Pat. No. 11,133,423.

Int. CIL.

HOIL 31/02 (2006.01)

HOIL 25/16 (2023.01)

HOIL 31/0203 (2014.01)

U.S. CL

CPC ...... HOIL 31/02002 (2013.01); HOIL 25/162

(2013.01); HOIL 25/165 (2013.01); HOIL
25/167 (2013.01); HOIL 31/0203 (2013.01)

Field of Classification Search
CPC ........... HO1L 31/02002; HO1L 31/0203; HO1L
31/173; HO1L 25/162; HO1L 25/165;

HOIL 25/167; HO1L 27/14636
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
8,912,049 B2* 12/2014 Wel ..coovvvvviiinnnnil, HO1L 25/167
438/33
9,406,658 B2* 82016 Lee ....ooovvvvnininnnn, HO1L 23/5389

(Continued)

OTHER PUBLICATTONS

Non-Final Oflice Action for U.S. Appl. No. 16/503,318, dated Oct.
16, 2020, 21 pages.

(Continued)

Primary Examiner — Dao H Nguyen

(74) Attorney, Agent, or Firm — FOLEY & LARDN.
LLP

L1
v

(57) ABSTRACT

An optical device includes a first circuit layer, a light
detector, a first conductive pillar and an encapsulant. The
first circuit layer has an interconnection layer and a dielec-
tric layer. The light detector 1s disposed on the first circuit
layer. The light detector has a light detecting area facing
away Irom the first circuit layer and a backside surface
facing the first circuit layer. The first conductive pillar 1s
disposed on the first circuit layer and spaced apart from the
light detector. The first conductive pillar 1s electrically
connected to the interconnection layer of the first circuit
layer. The encapsulant 1s disposed on the first circuit layer
and covers the light detector and the first conductive pillar.
The light detector 1s electrically connected to the intercon-
nection layer of the first circuit layer through the first
conductive pillar. The backside surface of the light detector
1s exposed from the encapsulant.

16 Claims, 21 Drawing Sheets

1
13p2 13¢ 13pl 12p2 12¢ 12pl
13¢2 | 14n2{1102 | 13cl 12¢2 | 14h1 (1101 | 12¢1
] .
] 3_ B _ - 16
— - ‘ E - _ "‘Hg}n
NEIERIap L
- T

— o

L0

1 1 l—l 10r
i — | 10‘1}10



US 11,764,311 B2

Page 2
(56) References Cited
U.S. PATENT DOCUMENTS
9,905,722 Bl 2/2018 Chen et al.
10,177,268 B2* 1/2019 Chen ...........oeoeveennee. HO1L 31/16
10,711,268 B2 7/2020 Murakam et al.
2010/0006864 Al* 1/2010 Steigerwald ............ HO1L 33/22

257/E33.056
2012/0217049 Al 8/2012 Hanai et al.
2015/0287708 Al* 10/2015 Lin ..., HOIL 23/5389

438/109
2017/0084589 Al 3/2017 Kuo et al.

OTHER PUBLICATIONS

Notice of Allowance for U.S. Appl. No. 16/503,318, dated May 26,
2021, 15 pages.

* cited by examiner



US 11,764,311 B2

Sheet 1 of 21

Sep. 19, 2023

U.S. Patent

01 <

1<

' POI
10]

P11

11
91

'mh

[ DId

(O () (=)
01

() O (3

e —

> — =

I
- - -
..-1_—2_-&-
\

4
=

o, | [Pl s
R

S A A .

.
1971 | TYLT/ T9b] \ 2971
[dzr 9C1 zdg

[9¢1]

1der

cilljcivl |

ot

zdel

oot



U.S. Patent Sep. 19, 2023 Sheet 2 of 21 US 11,764,311 B2

N |

1l
11r 11d
N
i
I
7 -
o8

16
il
-/
22d

1 .
. N
S N @,
ommm
. )
1 T ‘
=l
N
|
I 9
e

17



U.S. Patent Sep. 19, 2023 Sheet 3 of 21 US 11,764,311 B2

o

{3 y 1
M l

22
22d



U.S. Patent Sep. 19, 2023 Sheet 4 of 21 US 11,764,311 B2

-
<r | <} <t
N M
TS S "3
< <r o e

l—
_'.'-""m
<t

mﬂ""mﬂ—.‘-‘u._

[
42¢ 42p

i ' -

- IIII ;

ll =I|I 5
= 2

1-
i

! I
s



US 11,764,311 B2

dig “..!|-I|II

LS 11§

¢ OIA

AqLS mmm [9CS dzc 79CS

__!
I|

9¢ “I'. I .

~

3

\,

| GS

7

) [d0S

S

=)

s zdos 10S
L N ~ J

0

Y

U.S. Patent

!I-l']lll

0BES  PES qoS €S oTS



US 11,764,311 B2

Sheet 6 of 21

Sep. 19, 2023

U.S. Patent

!

PO1
101

B Y B

19¢1

[1dz1

SR

PCl

4

|

oCl

24zl

¢l

V9 DIA

[9€T 1d¢q

\
°t]

Ptl

zdg1 TO¢T

Gl

69



US 11,764,311 B2

Sheet 7 of 21

Sep. 19, 2023

U.S. Patent

01

R
HS

489 PCI

) b

.ﬁ

[971
1dz1

T4
2dz1

d9 DIA

I I
_H_ I

Pel
—

= — =

3
mimui

¢l [9€1 1d¢]

otT zdgr TOEI 61

€89

69



US 11,764,311 B2

Sheet 8 of 21

Sep. 19, 2023

U.S. Patent

01 <

' POT
101

=

489 PCI

-—-l :
—i LT

19¢1

eTA| 014!
[dzr zdzn

DY DId

PLl
-

Sy e ..........LII.mI" —

[9¢T 1dg1 o€ ] zde1 o€
289

69

1



US 11,764,311 B2

Sheet 9 of 21

Sep. 19, 2023

U.S. Patent

01+

[1<

POI

101

PII
I

js— Eﬂ“. .u..-

i

]| == = =

489 PTCI

dy OlA

B89  Ptl

19¢1 E:v el

[dz1

oT1 zd7

.H._ iin

|
[9t1]

1d€T

g:
ot |

2degT

n.uﬂll

ootl

61



US 11,764,311 B2

Sheet 10 of 21

Sep. 19, 2023

U.S. Patent

01 <

[T+

POI

101

PII
T

PCl

49 DIA

Ptl

[E— E"n...u

gjp=y

el It | €I

[dz1

AT 7dz1

-
e = e (ol

BQ

1dgT

Na:
ot |

2degT

oot

| [
SAE R

1



US 11,764,311 B2

Sheet 11 of 21

Sep. 19, 2023

U.S. Patent

01 <

[1-<

POT

101

"PII

1
91

PCl

49 DId

Ptl

P ey e o e ey )

ael=——=T [ T

[971 | 1411 791
[dz1 3¢l zdzi

[9¢]

u

IE
i im

Nf:

1der

ot |

| 7€
2deT

69

Sl



US 11,764,311 B2

Sheet 12 of 21

Sep. 19, 2023

U.S. Patent

01+

11+

' POT

101

PII
&l

91

-_ml

Fu'n.

'..-l

[9Z1 | TYIT) 9Pl Noﬁ
[dz1 9C1 zdzi

D9 DId

[9t1]

Mlnll“un-ll-"..u
]

[dey

LT -
] e e [ e

CULT|TupI \ 7o€]
O¢T  zder




U.S. Patent Sep. 19, 2023 Sheet 13 of 21 US 11,764,311 B2

79h

@)
-~

S2¢2
52e

53e

53b
53a

53bc
T 52cl
-
T T T T T T
53ac 53d
FIG. 7A



U.S. Patent Sep. 19, 2023 Sheet 14 of 21 US 11,764,311 B2

75h

N
-

N
(_f.\."; —
. ’ s:al =
L
S —=
S

-

W

-

2 @,
AL »

53e

53b
53a

53ac 53d



US 11,764,311 B2

Sheet 15 of 21

Sep. 19, 2023

U.S. Patent

JL DId

8" °t$ PES OBES
I |.
n_mm
[y .
¢ICs Ewm [9¢§ (s



US 11,764,311 B2

Sheet 16 of 21

2023

b/

Sep. 19

U.S. Patent

1dog

4 %°

ydog

LS deg [9¢$ Evm ¢o¢s

B¢ PES °t$ °CS



US 11,764,311 B2

Sheet 17 of 21

Sep. 19, 2023

U.S. Patent

[dos

JBeC PLS otS °CS



US 11,764,311 B2

Sheet 18 of 21

Sep. 19, 2023

U.S. Patent

zdos 10

0§

LG PES

4os




US 11,764,311 B2

Sheet 19 of 21

Sep. 19, 2023

U.S. Patent

1dos
sJe

DL DId

¢l deg [92S dz¢ 7078

-
A 1]
[

B 7 s 5y Y
1 ] 4, o {00000y v 3 o000OOO]
= R VN VN A I

zdos  30S JBES  PES qos  9¢S 07C
0S




US 11,764,311 B2

Sheet 20 of 21

Sep. 19, 2023

U.S. Patent

6§

1dos
96

zdos  10S
. J

0¢

[9Z6 dzs  79TS

OBEG PLS

qos

ot §

TSNS S 1 5 5 N A N
= W U U A

°CS



US 11,764,311 B2

Sheet 21 of 21

Sep. 19, 2023

U.S. Patent

6§

1dog
9§

1L DIA
LS IS Q€S deg [9ZS dzs 0TS
AN AD.\ AN l'

-
A [ 1]
1

i rt— h-l.l'll'
S W U W A S -
zdos  10S 0BES  PES 4os  9¢S 076

0S



US 11,764,311 B2

1

OPTICAL DEVICE AND ELECTRONIC
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s a continuation of U.S. appli-
cation Ser. No. 16/503,318 filed Jul. 3, 2019, now U.S. Pat.
No. 11,133,423, the contents of which are incorporated
herein by reference in their entirety.

BACKGROUND
1. Technical Field

The present disclosure relates to an optical device, and
more particularly, to an optical device including a fan-out
structure.

2. Description of the Related Art

Optical devices are used 1n many applications (e.g., image
sensor, proximity sensor or the like). An optical device may
include various electronic components, such as a light
emitter, a light detector, a controller and/or processor. Those
clectronic components are disposed on a substrate and
clectrically connected to the substrate by wire bonding
technique. However, the substrate has a relatively large area
and thickness. In addition, an additional space and height are
included for wire bonding loops, and this would hinder the
mimaturization of the optical device.

SUMMARY

In some embodiments, an optical device includes a first
circuit layer, a light detector, a first conductive pillar and an
encapsulant. The first circuit layer has an interconnection
layer and a dielectric layer. The light detector 1s disposed on
the first circuit layer. The light detector has a light detecting,
area facing away from the first circuit layer and a backside
surface facing the first circuit layer. The first conductive
pillar 1s disposed on the first circuit layer and spaced apart
from the light detector. The first conductive pillar 1s elec-
trically connected to the interconnection layer of the first
circuit layer. The encapsulant 1s disposed on the first circuit
layer and covers the light detector and the first conductive
pillar. The light detector i1s electrically connected to the
interconnection layer of the first circuit layer through the
first conductive pillar. The backside surface of the light
detector 1s exposed from the encapsulant.

In some embodiments, an optical device includes a circuit
layer, a light detector, a controller and an encapsulant. The
circuit layer has an interconnection layer and a first dielec-
tric layer. The light detector 1s disposed on the circuit layer
and electrically connected to the interconnect layer of the
circuit layer. The light detector has an active surface facing
the circuit layer and a backside surface opposite to the active
surface. The light detector has a light detecting area adjacent
to the active surface. The controller has an active surface
facing away from the circuit layer and a backside surface
disposed on the backside surface of the light detector. The
encapsulant 1s disposed on the circuit layer and covers the
light detector and the controller.

In some embodiments, a method for manufacturing an
optical device includes (a) forming a first circuit layer; (b)
attaching a backside surface of a light detector to the first

circuit layer, the light detector having a light detecting area
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2

facing away from circuit layer; (¢) disposing a first protec-
tion {ilm on the light detecting area of the light detector; (d)
forming an encapsulant on the first circuit layer to cover the
light detector; and (e¢) removing the first protection film to
expose the light detecting area of the light detector.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of some embodiments of the present disclosure
are best understood from the following detailed description
when read with the accompanying figures. It 1s noted that
various structures may not be drawn to scale, and dimen-
sions of the various structures may be arbitrarily increased
or reduced for clarity of discussion.

FIG. 1 1illustrates a cross-sectional view of an optical
device 1n accordance with some embodiments of the present
disclosure.

FIG. 2 illustrates a cross-sectional view of an optical
device 1n accordance with some embodiments of the present
disclosure.

FIG. 3 1illustrates a cross-sectional view of an optical
device 1n accordance with some embodiments of the present
disclosure.

FIG. 4 illustrates a cross-sectional view ol an optical
module 1n accordance with some embodiments of the pres-
ent disclosure.

FIG. § illustrates a cross-sectional view of an optical
device 1n accordance with some embodiments of the present
disclosure.

FIG. 6 A, FIG. 6B, FIG. 6C, FIG. 6D, FIG. 6E, FIG. 6F
and F1G. 6G illustrate a method for manufacturing an optical
device 1n accordance with some embodiments of the present
disclosure.

FIG. 7A, FIG. 7B, FIG. 7C, FIG. 7D, FIG. 7E, FIG. 7F,
F1G. 7G, FIG. 7H and FIG. 71 illustrate a method for
manufacturing an optical device 1n accordance with some
embodiments of the present disclosure.

Common reference numerals are used throughout the
drawings and the detailed description to indicate the same or
similar components. The present disclosure can be best
understood from the following detailed description taken in
conjunction with the accompanying drawings.

DETAILED DESCRIPTION

FIG. 1 1illustrates a cross-sectional view of an optical
device 1 1n accordance with some embodiments of the
present disclosure. The optical device 1 includes circuit
layers 10, 11, electronic components 12, 13, an encapsulant
14, conductive pillars (or posts) 15, a film 16 and electrical
contacts 17.

The circuit layer 10 includes an interconnection layer
(e.g., redistribution layer, RDL) 10 and a dielectric layer
10d. A portion of the interconnection layer 107 1s covered or
encapsulated by the dielectric layer 10d while another
portion of the interconnection layer 107 1s exposed from the
dielectric layer 10d to provide electrical connections. In
some embodiments, the dielectric layer 104 may 1nclude an
organic material, a solder mask, a polyimide (PI), an epoxy,
an Ajmomoto build-up film (ABF), one or more molding
compounds, one or more pre-impregnated composite fibers
(e.g., a pre-preg fiber), a borophosphosilicate glass (BPSG),
a silicon oxide, a silicon nitride, a silicon oxynitride, an
undoped silicate glass (USG), any combination thereot, or
the like. Examples of molding compounds may include, but
are not limited to, an epoxy resin including fillers dispersed
therein. Examples of a pre-preg fiber may include, but are
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not limited to, a multi-layer structure formed by stacking or
laminating one or more pre-impregnated materials or sheets.
In some embodiments, the dielectric layer 104 may 1nclude
an 1norganic material, such as silicon, a ceramic or the like.
In some embodiments, there may be any number of inter-
connection layers 107 depending on design specifications.
The circuit layer 10 has a surface 10/ and a surface 102
opposite to the surface 10/,

The electronic component 12 1s disposed on the surface
10/ of the circuit layer 10. In some embodiments, a backside
surface of the electronic component 12 is attached to the
surface 10/ of the circuit layer 10 through an adhesion layer
(e.g., die attach film, DAF) 12d. The electronic component
12 has a light emitting area 12e facing away from the circuit
layer 10 and configured to emit a light beam toward an
object. The light emitting area 12e 1s located adjacent to an
active surface of the electronic component 12. In some
embodiments, the electronic component 12 may be a light
emitter or a light emitting device, such as a light-emitting
diode (LED) or other light emitting die. For example, the
clectronic component 12 may include, e.g., an LED, a laser
diode, another device that may include one or more semi-
conductor layers, or a combination of two or more thereof.
The semiconductor layers may include silicon, silicon car-
bide, gallium nitride, or any other semiconductor materials.

The electronic component 12 has conductive pads 12¢1
and 12¢2 (e.g., P-terminal and N-terminal) disposed on the
active surface of the electronic component 12 to provide
electrical connections. In some embodiments, the conduc-
tive pads 12¢1, 12¢2 and the light emitting area 12e are
disposed at or adjacent to the active surface of the electronic
component 12. The conductive pads 12¢1 and 12¢2 may
disposed adjacent to edges of the active surface of the
clectronic component 12 while the light emitting area 12e
may be disposed at or adjacent to the center of the active
surface of the electronic component 12. Conductive pillars
(e.g., copper pillars) 12p1 and 12p2 are respectively elec-
trically connected to the conductive pads 12¢1 and 12¢2 of
clectronic component 12. For example, the conductive pil-
lars 12p1 and 12p2 clectrically connect the conductive pads
12¢c1 and 12¢2 with the circuit layer 11. In some embodi-
ments, a thickness of the conductive pad 12¢1 1s different
from that of the conductive pad 12¢2, and a height of the
conductive pillar 12p1 1s diflerent from that of the conduc-
tive pillar 12p2. For example, as shown i FIG. 1, the
thickness of the conductive pad 12¢1 1s greater than that of
the conductive pad 12¢2, and the height of the conductive
pillar 12p1 1s less than that of the conductive pillar 12p2. By
providing the conductive pillars 12p1 and 12p2 to connect
the conductive pads 12¢1 and 12¢2 with the circuit layer 11
can ensure that the connection surfaces (connection points)
are located at the same plane or level.

The electronic component 13 1s disposed on the surface
10/ of the circuit layer 10 and spaced apart from the
clectronic component 12. In some embodiments, a backside
surface of the electronic component 13 1s attached to the
surface 10/ of the circuit layer 10 through a DAF 134d. The
clectronic component 13 has a light detecting area 13e
facing away from the circuit layer 10 and configured to
receive or detect a light beam retlected from the object. The
light detecting area 13e 1s located adjacent to an active
surface of the electronic component 13. In some embodi-
ments, the electronic component 13 may be a light detector
which may be, e.g., a PIN diode, a photodiode, or a
phototransistor. In some embodiments, the optical device 1
may act as a proximity sensor or any other sensors including,
a light emitting component and a light detecting component.
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The electronic component 13 has conductive pads 13c¢1
and 13c¢2 disposed on the active surface of the electronic
component 13 to provide electrical connections. In some
embodiments, the conductive pads 13c1, 13¢2 and the light
detecting area 13e are disposed at or adjacent to the active
surface of the electronic component 13. The conductive pads
13c1 and 132 may disposed adjacent to edges of the active
surface of the electronic component 13 while the light
emitting area 13e may be disposed at or adjacent to the
center of the active surface of the electronic component 13.
Conductive pillars (e.g., copper pillars) 13p1 and 13p2 are
respectively electrically connected to the conductive pads
13c1 and 13c¢2 of electronic component 13. For example, the
conductive pillars 13p1 and 13p2 eclectrically connect the
conductive pads 13c¢1 and 13¢2 with the circuit layer 11.

The encapsulant 14 1s disposed on the surface 10/ of the
circuit layer 10 and covers the electronic components 12, 13
and the conductive pillars 15. The encapsulant 14 has
openings 1441 and 1442 to expose the light emitting area
12¢ of the electronic component 12 and the light detecting
area 13e of the electronic component 13. For example, the
encapsulant 14 covers the active surfaces (including the
conductive pads 12¢1, 122, 13¢1 and 13c¢2) of the elec-
tronic components 12 and 13 except for the light emitting
area 12e and the light detecting area 13e. In some embodi-
ments, the opening 1441 1s over the light emitting area 12¢
of the electronic component 12 and has a width equal to or
greater than a width of the light emitting area 12e¢. In some
embodiments, the opening 1442 1s over the light detecting
area 13e of the electronic component 13 and has a width
equal to or greater than a width of the light detecting area
13e. The encapsulant 14 1s formed of or includes an opaque
material or a light absorbing maternial to avoid the light
emitted from the electronic component 12 from directly
entering the light detecting area 13e of the electronic com-
ponent 13. This can mitigate or eliminate the cross-talk 1ssue
between the electronic components 12 and 13. In some
embodiments, the encapsulant 14 may include optical den-
sity (OD) 4 matenials, such as black molding compound.

The circuit layer 11 1s disposed on the encapsulant 14. The
circuit layer 11 includes an interconnection layer (e.g., RDL)
117 and a dielectric layer 11d. A portion of the interconnec-
tion layer 117 1s covered or encapsulated by the dielectric
layer 114 while another portion of the interconnection layer
117 1s exposed from the dielectric layer 114 to provide
clectrical connections. For example, the interconnection
layer 117 exposed from the dielectric layer 114 1s electrically
connected to the electronic components 12 and 13 through
the conductive pillars 12p1, 12p2, 13p1 and 13p2. For
example, the interconnection layer 117 exposed from the
dielectric layer 11d is electrically connected to the circuit
layer 10 (e.g., to the interconnection layer 107 of the circuit
layer 10) through the conductive pillar 15. In some embodi-
ments, the circuit layer 11 1s similar to the circuit layer 10,
and the descriptions of the circuit layer 10 can be applicable
to the circuit layer 11. In some embodiments, the film 16
(e.g., mnfrared radiation (IR) pass filter film) 1s disposed on
the circuit layer 11. In other embodiments, the film 16 can
be omitted depending on different specifications.

The circuit layer 11 has an opening 11/1 corresponding to
the opening 14/1 and an opening 11/22 corresponding to the
opening 14/2. For example, the opening 11/1 1s over the
opening 14,1 to expose the light emitting area 12e of the
clectronic component 12. For example, the opening 11/2 1s
over the opening 14/2 to expose the light detecting area 13e
of the electronic component 13. In some embodiments, a
width of the opening 11/1 1s equal to or greater than the
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opening 14/1, and a width of the opening 1142 1s equal to
or greater than the opening 14/2. Hence, a portion of a top
surface of the encapsulant 14 may be exposed from the
circuit layer 11 11 the width of the opening 11/%1 (or 11/2) 1s
greater than that of the opening 1441 (or 14/42).

In some embodiments, a protection layer (e.g., clear
molding compound) formed of a light transparent material 1s
disposed on the light emitting area 12¢ of the electronic
component 12 and the light detecting area 13e of the
clectronic component 13. However, this will reduce the light
transmittance (e.g., less than 82%). In accordance with the
embodiments as illustrated 1n FIG. 1, the light emitting area
12¢ of the electronic component 12 and the light detecting
area 13e are exposed from the encapsulant 14 and the circuit
layer 11 (e.g., the light emitting area 12¢ and the light
detecting area 13e are uncovered or exposed to air), which
can increase the light transmittance (e.g., about 100%).

The conductive pillars 15 (e.g., copper pillars) are dis-
posed on the surface 10/ of the circuit layer 10 and electri-
cally connect the circuit layer 11 with the circuit layer 10.
For example, the conductive pillars 15 electrically connect
the interconnection layer 117 exposed from the dielectric
layer 114 with the interconnection layer 107 exposed from
the dielectric layer 104. The conductive pillars 15 are
disposed adjacent to the electronic components 12 and 13. In
some embodiments, the height of the conductive pillar 15 1s
about 240 micrometer.

The electrical contacts 17 (e.g. solder balls) are disposed
on the surface 102 of the circuit layer 10 to provide electrical
connections between the optical device 1 and external
components (e.g. external circuits or circuit boards). In some
embodiments, the electrical contacts 17 include a controlled
collapse chip connection (C4) bump, a ball grid array (BGA)
or a land gnd array (LGA). In some embodiments, the
clectrical contacts 17, the circuit layers 10, 11 and the
conductive pillars 15 provide a fan-out structure for the
clectronic components 12 and 13.

In some embodiments, the circuit layer 10 can be replaced
by a substrate, and the electronic components 12 and 13 can
be electrically connected to the substrate by wire bonding
technique. However, the substrate has a relatively large area
and thickness. In addition, an additional space and height are
included for wire bonding loops, this would hinder the
mimaturization of the optical device. In accordance with the
embodiments as shown in FIG. 1, the use of the circuit layer
10 can reduce the area, the thickness and the manufacturing
cost of the optical device 1.

FIG. 2 illustrates a cross-sectional view ol an optical
device 2 1 accordance with some embodiments of the
present disclosure. The optical device 2 1n FIG. 2 1s similar
to the optical device 1 1n FIG. 1 except that in FIG. 2, the
clectronic components 12 and 13 are replaced by an elec-
tronic component 22.

The electronic component 22 1s disposed on the circuit
layer 10. In some embodiments, a backside surface of the
clectronic component 22 1s attached to the circuit layer 10
through a DAF 22d. The electronic component 22 has a light
detecting area 22e facing away from the circuit layer 10 and
configured to recerve or detect a light beam. In some
embodiments, the electronic component 22 may be a light
detector which may be, e.g., a PIN diode, a photodiode, or
a phototransistor. In some embodiments, the optical device
2 1s an 1mage sensor or any other sensors including a light
detecting component.

FIG. 3 illustrates a cross-sectional view of an optical
device 3 i accordance with some embodiments of the
present disclosure. The optical device 3 1n FIG. 3 1s similar
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to the optical device 2 1n FIG. 2, and the diflerences
therebetween are described below.

The optical device 2 1n FIG. 2 has the circuit layers 10 and
11 respectively disposed adjacent to the backside surface
and the active surface of the electronic component 22 (e.g.,
on both top and bottom surfaces of the encapsulant 14) while
the optical device 3 1n FIG. 3 has solely one circuit layer 11
disposed adjacent to the active surface of the electronic
component 22 (e.g., selectively on the top surface of the
encapsulant 14). As shown 1n FIG. 3, the conductive pillars
15 penetrate the encapsulant 14 and the dielectric layer 10d
to be electrically connected to the electrical contacts 17.

FIG. 4 1llustrates a cross-sectional view of an optical
module 4 in accordance with some embodiments of the
present disclosure. The optical device 4 includes the optical
device 2 as shown in FIG. 2 and a semiconductor device
package 4'. In other embodiments, the optical device 2 can
be replaced by the optical device 1, 2, 3 or 5 as 1llustrated
in FIG. 1, 2, 3 or 5 or any other optical devices. The
semiconductor device package 4' includes circuit layers 40
and 41, an electronic component 42, a package body 44,
conductive pillars 45 and electrical contacts 47.

The circuit layer 40 includes an interconnection layer
(e.g., RDL) 40r and a dielectric layer 40d. A portion of the
interconnection layer 407 1s covered or encapsulated by the
dielectric layer 404 while another portion of the intercon-
nection layer 407 1s exposed from the dielectric layer 404 to
provide electrical connections. In some embodiments, the
circuit layer 40 1s similar to the circuit layer 10, and the
descriptions of the circuit layer 10 can be applicable to the
circuit layer 40.

The electronic component 42 1s disposed on the circuit
layer 10. In some embodiments, a backside surface of the
clectronic component 42 1s attached to the circuit layer 10
through a DAF 42d. The electronic component 42 has
conductive pads 42¢ disposed on an active surface of the
clectronic component 42 to provide electrical connections.
Conductive pillars (e.g., copper pillars) 42p are electrically
connected to the conductive pads 42¢ of electronic compo-
nent 42. For example, the conductive pillars 42p electrically
connect the conductive pads 42¢ with the circuit layer 41. In
some embodiments, the electronic component 42 includes a
control circuit or a processing circuit, such as an application-
specific integrated circuit (ASIC), a microcontroller unit
(MCU), a central processing unit (CPU) or any other con-
trollers (or processors). In some embodiments, the electronic
component 42 1s electrically connected to the optical device
2 through the circuit layer 41 and configured to control the
optical device 2 or to process the data or signal received
from the optical device 2.

The package body 44 1s disposed on the circuit layer 40
to cover or encapsulate the electronic component 42. In
some embodiments, the package body 44 includes an epoxy
resin having fillers, a molding compound (e.g., an epoxy
molding compound or other molding compound), a polyim-
ide, a phenolic compound or material, a material with a
silicone dispersed therein, or a combination thereof.

The circuit layer 41 includes an interconnection layer
(e.g., RDL) 41~ and a dielectric layer 41d. A portion of the
interconnection layer 41 1s covered or encapsulated by the
dielectric layer 414 while another portion of the intercon-
nection layer 417 1s exposed from the dielectric layer 414 to
provide electrical connections. In some embodiments, the
circuit layer 41 1s similar to the circuit layer 11, and the
descriptions of the circuit layer 11 can be applicable to the
circuit layer 41. The optical device 2 1s disposed on the
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circuit layer 41 and electrically connected to the electronic
component 42 through the circuit layer 41 and conductive
pillars 42p.

The conductive pillars 45 (e.g., copper pillars) are dis-
posed on the circuit layer 40 and electrically connect the
circuit layer 41 with the circuit layer 40. For example, the
conductive pillars 45 electrically connect the interconnec-
tion layer 417 exposed from the dielectric layer 414 with the
interconnection layer 407 exposed from the dielectric layer
40d. The conductive pillars 45 are disposed adjacent to the
clectronic component 42.

The electrical contacts 47 (e.g. solder balls) are disposed
on a bottom surface of the circuit layer 10 to provide
clectrical connections between the optical module 4 and
external components (e.g. external circuits or circuit
boards). In some embodiments, the electrical contacts 47
include a C4 bump, a BGA or a LGA. In some embodiments,
the electrical contacts 47, the circuit layers 40, 41 and the
conductive pillars 45 provide a fan-out structure for the
clectronic component 42.

FIG. § illustrates a cross-sectional view of an optical
device 5 1n accordance with some embodiments of the
present disclosure. The optical device 5 includes a circuit
layer 50, electronic components 52, 53a, 53b, an encapsu-
lant 54, conductive pillars 55, a film 56 and electrical
contacts 37.

The electronic component 52 has a light emitting area 52¢
facing the circuit layer 10 and configured to emit a light
beam toward an object. The light emitting area 52¢ 1s located
on or adjacent to a backside surface of the electronic
component 52. In some embodiments, the electronic com-
ponent 52 may be a light emitter or a light emitting device,
such as a light-emitting diode (LED) or other light emitting
die. For example, the electronic component 52 may include,
e.g., an LED, a laser diode, another device that may include
one or more semiconductor layers, or a combination of two
or more thereof. The semiconductor layers may include
s1licon, silicon carbide, gallium nitride, or any other semi-
conductor materials.

The electronic component 52 has conductive pads 52¢1
and 52¢2 (e.g., P-terminal and N-terminal) disposed on an
active surface of the electronic component 52 to provide
electrical connections. As shown 1n FIG. 5, the conductive
pads 32c1, 52¢2 and the light emitting area 52e are disposed
at different surfaces of the electronic component 52. In some
embodiments, the conductive pads 52¢1 and 52¢2 have
different sizes. Conductive pillars (e.g., copper pillars) 52p
are electrically connected to the conductive pads 52¢1 and
52¢2 of electronic component 52.

The electronic component 53a has a light detecting area
53¢ facing the circuit layer 10 and configured to receive or
detect a light beam reflected from the object. The light
detecting area 33e 1s located on or adjacent to an active
surface of the electronic component 53a. In some embodi-
ments, the electronic component 53a may be a light detector
which may be, e.g., a PIN diode, a photodiode, or a
phototransistor. In some embodiments, the optical device 5
may act as a proximity sensor or any other sensors including
a light emitting component and a light detecting component.

The electronic component 53a has conductive pads 53ac
disposed on the active surface of the electronic component
53a to provide electrical connections. In some embodiments,
the conductive pads 53ac and the light detecting area 53¢ are
disposed at or adjacent to the active surface of the electronic
component 53aq. The conductive pads 53ac may disposed
adjacent to edges of the active surface of the electronic
component 53¢ while the light emitting area 53¢ may be
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disposed at or adjacent to the center of the active surface of
the electronic component 53a.

The electronic component 535 1s disposed on the backside
surface of the electronic component 53a. In some embodi-
ments, a backside surface of the electronic component 535
1s attached to the backside surface of the electronic compo-
nent 53a through a DAF 53d. The electronic component 5356
has conductive pads 33b¢ disposed on an active surface of
the electronic component 535 to provide electrical connec-
tions. Conductive pillars (e.g., copper pillars) 53p are elec-
trically connected to the conductive pads 53b¢ of electronic
component 335. In some embodiments, the electronic com-
ponent 335 includes a control circuit or a processing circuit,
such as an ASIC, a MCU, a CPU or any other controllers (or
Processors).

The circuit layer 50 includes an interconnection layer
(e.g., RDL) 50r and dielectric layers 30p1 and 50p2. The
dielectric layer 50p1 covers a portion of the backside surface
of the electronic component 52 and exposes the light emiat-
ting area 52e of the electronic component 52. The dielectric
layer 50p1 covers a portion of the backside surface of the
clectronic component 52 and exposes the light detecting area
53¢ and the conductive pads 33ac of the electronic compo-
nent 53a. A portion of the interconnection layer 507 1s
covered or encapsulated by the dielectric layer 5042 while
another portion of the interconnection layer 507 1s exposed
from the dielectric layer 5042 to provide electrical connec-
tions. For example, the interconnection layer 507 exposed
from the dielectric layer 5042 1s electrically connected to the
clectronic component 53a. For example, the interconnection
layer 507 exposed from the dielectric layer 5042 1s 1n contact
with the conductive pads 353ac of the electronic component
53a. The conductive pillars 55 (e.g., copper pillars) are
clectrically connect to the circuit layer 50 (e.g., to the
interconnection layer 50r).

The dielectric layer s 50p1 and 50p2 have openings 50/
to expose the light emitting area 52¢ and the light detecting
arca 53e. For example, the light emitting area 52¢ and the
light detecting area 33e are uncovered or exposed to air,
which can increase the light transmittance (e.g., about
100%). In some embodiments, the circuit layer 50 1s similar
to the circuit layer 10, and the descriptions of the circuit
layer 10 can be applicable to the circuit layer 50. In some
embodiments, the film 56 (e.g., IR pass filter film) 1s
disposed on the circuit layer 50. In other embodiments, the
f1lm 56 can be omitted depending on diflerent specifications.

The encapsulant 54 covers the electronic components 32,
53a, 53b and the conductive pillars 55. The encapsulant 54
1s formed of or includes an opaque material or a light
absorbing material to avoid the light emitted from the
clectronic component 32 from directly entering the light
detecting area S3e of the electronic component 53a. This can
mitigate or eliminate the cross-talk 1ssue between the elec-
tronic components 32 and 53a. In some embodiments, the
encapsulant 34 may include OD 4 materials, such as black
molding compound.

Conductive pads 517 are electrically connected to the
conductive pillars 52p, 53p and 55. A dielectric layer 51p 1s
disposed on a bottom surface of the encapsulant 54. The
dielectric layer S1p covers a portion of the conductive pads
517 and exposes the other portion of the conductive pads 517
for electrical connections. The electrical contacts 57 (e.g.
solder balls) are disposed on the exposed portion of the
conductive pads 51r to provide electrical connections
between the optical device 5 and external components (e.g.
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external circuits or circuit boards). In some embodiments,
the electrical contacts 37 include a C4 bump, a BGA or a

LGA.
FIG. 6A, FIG. 6B, FIG. 6C, FIG. 6D, FIG. 6E, FIG. 6F
and FI1G. 6G illustrate a method for manufacturing an optical

device according to some embodiments of the present dis-
closure. In some embodiments, the method illustrated in
FIG. 6A, FIG. 6B, FIG. 6C, FIG. 6D, FIG. 6E, FIG. 6F and
FIG. 6G can be used to manufacture the optical device 1 1n
FIG. 1. In other embodiments, the method illustrated 1n FIG.
6A, FIG. 6B, FIG. 6C, FIG. 6D, FIG. 6E, FIG. 6F and FIG.
6G can be used to manufacture other optical devices (e.g.,
the optical device 2, 3 or 4) through some modifications.

Referring to FIG. 6 A, a carrier 69 1s provided. The carrier
69 may have an adhesive layer (e.g., adhesive film or tape)
thereon. The circuit layer 10 including the dielectric layer
104 and the interconnection layer 107 1s formed on the
carrier 69. In some embodiments, the circuit layer 10 can be
formed by lithographic techniques. The conductive pillars
15 are formed on the circuit layer 10. The electronic com-
ponents 12 and 13 are then disposed on the circuit layer 10.
In some embodiments, the order for disposing the electronic
components 12, 13 and the conductive pillars 15 can be
adjusted depending on different design specifications. In
some embodiments, backside surfaces of the electronic
components 12 and 13 are attached to the circuit layer 10
through DAFs 124 and 134.

The light emitting area 12¢ of the electronic component
12 and the light detecting area 13e of the electronic com-
ponent 13 face away from the circuit layer 10. The active
surfaces of the electronic components 12 and 13 facing away
from the circuit layer 10. The conductive pillars 12p1 and
12p2 are formed on the conductive pads 12¢1 and 12¢2 of
the electronic component 13. The conductive pillars 13p1
and 13p2 are formed on the conductive pads 13¢1 and 13¢2
of the electronic component 13. In some embodiments, the
conductive pillars 12p1, 12p2, 13p1, 13p2 and 15 are formed
by plating or any other suitable processes.

Referring to FIG. 6B, a protection film 68a 1s formed on
the light detecting area 13e of the electronic component 13
and a protection film 685 1s formed on the light emitting area
12¢ of the electronic component 13. The protection films
68a and 685) fully cover the light detecting area 13e and the
light emitting area 12e. In some embodiments, the protection
films 68a and 6854 are formed of or include Silicone,
Polyurethane (PU), Polydimethylsiloxane (PDMS) or any
other suitable materials.

Referring to FIG. 6C, the encapsulant 14 1s formed on the
circuit layer 10 to cover the electronic components 12, 13,
the conductive pillars 12¢1, 12¢2, 13¢1, 13¢2, 15 and the
protection films 68a, 68b. In some embodiments, the encap-
sulant 14 may fully cover the electronic components 12, 13,
the conductive pillars 12¢1, 12¢2, 13¢1, 13¢2, 15 and the
protection films 68a, 685, and a portion of the encapsulant
14 1s removed by, for example, grinding to expose top
portions of the conductive pillars 12¢1, 12¢2, 13¢1, 132, 15
and the protection films 68a, 68b. In some embodiments, the
encapsulant 14 may be formed by lamination or molding
techniques.

Referring to FIG. 6D, the circuit layer 11 having the
interconnection layer 117 and the dielectric layer 11d 1s
tormed on the encapsulant 14. The interconnection layer 117
1s electrically connected to the exposed portion of the
conductive pillars 12¢1, 12¢2, 13c1, 13¢2 and 15. The
dielectric layer 11d includes opemings 1121 and 1122 to
expose the protection films 686 and 68a. In some embodi-
ments, the opeming 11/21 has a width equal to or greater than
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a width of the protection film 685, and the opening 11/2 has
a width equal to or greater than a width of the protection film
68a. Hence, a portion of a top surface of the encapsulant 14
may be exposed from the dielectric layer 114 1f the width of
the opening 1121 (or 11/42) i1s greater than that of the
protection film 686 (or 68a). In some embodiments, the
circuit layer 11 1s formed by lithographic techniques.

Referring to FIG. 6E, the protection films 68a and 685 are
removed to expose the light detecting area 13e of the
clectronic component 13 and the light emitting area 12¢ of
the electronic component 12. Then, the film (e.g., IR pass
filter film) 16 1s formed on the circuit layer 11 by, for
example, jet-printing or any other suitable processes as
shown 1n FIG. 6F. In some embodiments, the operation 1n
FIG. 6F can be omitted depending on different design
specifications.

Referring to FIG. 6@, the carrnier 69 (and the adhesive
layer) 1s removed from the circuit layer 10 to expose a
portion ol the interconnection layer 10». The electrical
contacts 17 (e.g., solder balls) are disposed on the exposed
portion of the interconnection layer 107 to form the optical
device 1 as shown 1n FIG. 1. In some embodiments, the
clectrical contacts 17 may be disposed by, for example, ball
mount techniques. In some embodiments, singulation may
be performed to separate out individual optical devices by,
for example, using a dicing saw, laser or other appropriate
cutting technique.

In some embodiments, the optical device 2 as shown 1n
IG. 2 can be manufactured by the operations as shown 1n
IG. 6A, FIG. 6B, FIG. 6C, FIG. 6D, FIG. 6E, FIG. 6F and
I1G. 6G, 11 the electronic components 12 and 13 are replaced
by the electronic component 22 in the operation as shown 1n
FIG. 6A. In some embodiments, the optical device 3 as

shown 1n FIG. 3 can be manufactured by the operations as
shown in FIG. 6A, FIG. 6B, FIG. 6C, FIG. 6D, FIG. 6E,

FIG. 6F and FIG. 6G, 1f the electronic components 12 and
13 are replaced by the electronic component 22 and the
operation for forming the interconnection layer 107 1s omut-
ted in the operation as shown in FIG. 6 A. In some embodi-
ments, the optical device 4 as shown in FIG. 4 can be
manufactured by the operations as shown 1n FIG. 6 A, FIG.
6B, FIG. 6C, FIG. 6D, FIG. 6E, FIG. 6F and FIG. 6G, 1f the
optical device 1 as shown 1n FIG. 6G 1s further disposed on

the semiconductor device package 4' as shown 1n FIG. 4.
FIG. 7A, FIG. 7B, FIG. 7C, FIG. 7D, FIG. 7E, FIG. 7F,

FIG. 7G, FIG. 7TH and FIG. 71 illustrate a method {for
manufacturing an optical device according to some embodi-

ments of the present disclosure. In some embodiments, the
method illustrated 1n FIG. 7A, FIG. 7B, FI1G. 7C, FIG. 7D,

FIG. 7E, FIG. 7F, F1G. 7G, FIG. 7TH and FIG. 71 can be used
to manufacture the optical device 5 in FIG. 5. In other
embodiments, the method 1illustrated in FI1G. 7A, FIG. 7B,
FIG. 7C, FIG. 7D, FIG. 7E, FI1G. 7F, FI1G. 7G, FIG. 7H and
FIG. 71 can be used to manufacture other optical devices
through some modifications.

Referring to FIG. 7A, a carrier 79 1s provided. The carrier
79 may have an adhesive layer 79/ (e.g., adhesive film or
tape) therecon. The electronic components 52 and 353a are
then disposed on the adhesive layer 79/. In some embodi-
ments, the light emitting area 52¢ (e.g., the backside surface)
of the electronic component 52 and the light detecting area
53¢ and the conductive pads 53ac (e.g., the active surface)
of the electronic component 33 face the carnier 79 and are
attached to the carrier 79 through the adhesive layer 79/%.
The conductive pads 52¢1 and 352¢2 (e.g., the active surface)
of the electronic component 52 face away from the carrier
79. The electronic component 335 1s then disposed on the
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clectronic component 32s. In some embodiments, the back-
side surface of the electronic component 335 1s attached to
the backside surface of the electronic component 53a
through the DAF 53d. The electronic component 535 has
conductive pads (e.g., the active surface) face away from the
carrier 79.

Referring to FIG. 7B, the encapsulant 34 1s formed on the
carrier 79 to cover the electronic components 52, 53a and
53b. In some embodiments, the encapsulant 54 may be
formed by molding techniques (e.g., transier molding, com-
pression molding or the like) or any other suitable processes.

Referring to FIG. 7C, openings 54/1 are formed to
penetrate the encapsulant 54 to expose the conductive pads
52c1, 522, 53bc of the electronic components 52 and 535.
The carnier 79 (and the adhesive layer 79/%) 1s then removed.

Referring to FI1G. 7D, the dielectric layer 30p1 1s formed
on the encapsulant 54. Openings 50p/ (e.g., through holes)
are formed to penetrate the dielectric layer 50p1, and open-
ings 5442 (e.g., through holes) are formed to penetrate the
encapsulant 54. The opemings 30p/2 are connected to the
openings 5422. The light detecting area 33e and the con-
ductive pads 53ac of the electronic component 53a and the
light emitting area 52¢ of the electronic component 32 are
exposed from the dielectric layer S0p1.

Referring to FIG. 7E, the openings 54/1, 5442 and 50p/
are filled with a conductive material to form the conductive
pillars 52p, 53p and 535. The conductive pillars 32p are
connected to the conductive pads 52c¢1 and 52¢2 of the
clectronic component 52. The conductive pillars 533p are
connected to the conductive pads 53bc of the electronic
component 335. In some embodiments, the conductive pil-
lars 52p, 533p and 55 may be formed by plating or any other
suitable processes.

Referring to FIG. 7F, the circuit layer 30 having the
interconnection layer 507 and the dielectric layer 50p2 1s
formed on the dielectric layer 30p1. The interconnection
layer 507 1s electrically connected to the conductive pads
53ac of the electronic component 33aq and the conductive
pillars 55. The dielectric layer 50p2 has opemings 50/ to
expose the light emitting area 52e¢ of the electronic compo-
nent 52 and the light detecting area 53e of the electronic
component 33. In some embodiments, the circuit layer 50
may be formed by lithographic techniques.

Referring to FIG. 7G, the film (e.g., IR pass filter {ilm) 56
1s formed on the circuit layer 50 by, for example, jet-printing
or any other suitable processes. In some embodiments, the
operation 1n FIG. 7G can be omitted depending on different
design specifications.

Referring to FI1G. 7H, the dielectric layer 51p 1s formed on
a surface (facing away from the circuit layer 50) of the
encapsulant 54. The dielectric layer 51p has openings
(through holes) to expose a portion of the conductive pillars
52p, 53p and 35 for electrical connections.

Referring to FIG. 71, a conductive material 517 1s formed
within the openings of the dielectric layer S1p to be elec-
trically connect to the exposed portion of the conductive
pillars 52p, 53p and 35. The conductive material 517 may be
formed by, for example, plating or any other suitable pro-
cesses. The electrical contacts 57 (e.g., solder balls) are then
disposed on the conductive material 517 to form the optical
device 5 as shown 1in FIG. 5. In some embodiments, the
clectrical contacts 37 may be disposed by, for example, ball
mount techmques. In some embodiments, singulation may
be performed to separate out individual optical devices by,
for example, using a dicing saw, laser or other appropriate
cutting technique.
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In the description of some embodiments, a component
provided “on” another component can encompass cases
where the former component 1s directly on (e.g., 1n physical
contact with) the latter component, as well as cases where
one or more mtervening components are located between the
former component and the latter component.

In the description of some embodiments, a component
characterized as “light transmitting” or “transparent” can
refer to such a component as having a light transmittance of
at least 80%, such as at least 85% or at least 90%, over a
relevant wavelength or a relevant range of wavelengths,
such as a peak infrared wavelength or a range of infrared
wavelengths emitted by a light emitter. In the description of
some embodiments, a component characterized as “light
shielding,” “light blocking,” or “opaque” can refer to such a
component as having a light transmittance of no greater than
20%, such as no greater than 15% or no greater than 10%,
over a relevant wavelength or a relevant range of wave-
lengths, such as a peak infrared wavelength or a range of
infrared wavelengths emitted by a light ematter.

Additionally, amounts, ratios, and other numerical values
are sometimes presented herein 1in a range format. It can be
understood that such range formats are used for convenience
and brevity, and should be understood flexibly to include not
only numerical values explicitly specified as limits of a
range, but also all individual numerical values or sub-ranges
encompassed within that range as 1f each numerical value
and sub-range 1s explicitly specified.

As used herein, the terms “approximately,” “substan-
tially,” “substantial” and “about” are used to describe and
account for small varniations. When used in conjunction with
an event or circumstance, the terms can refer to instances in
which the event or circumstance occurs precisely as well as
instances in which the event or circumstance occurs to a
close approximation. For example, when used 1n conjunc-
tion with a numerical value, the terms can refer to a range
of varnation of less than or equal to £10% of that numerical
value, such as less than or equal to £5%, less than or equal
to 4%, less than or equal to £3%, less than or equal to £2%,
less than or equal to £1%, less than or equal to £0.5%, less
than or equal to £0.1%, or less than or equal to £0.05%.

While the present disclosure has been described and
illustrated with reference to specific embodiments thereof,
these descriptions and 1llustrations do not limit the present
disclosure. It will be clearly understood by those skilled 1n
the art that various changes may be made, and equivalents
may be substituted within the embodiments without depart-
ing {rom the true spirit and scope of the present disclosure
as defined by the appended claims. The 1llustrations may not
necessarlly be drawn to scale. There may be distinctions
between the artistic renditions 1n the present disclosure and
the actual apparatus, due to variables 1n manufacturing
processes and such. There may be other embodiments of the
present disclosure which are not specifically illustrated. The
specification and drawings are to be regarded as 1llustrative
rather than restrictive. Modifications may be made to adapt
a particular situation, material, composition ol matter,
method, or process to the objective, spirit and scope of the
present disclosure. All such modifications are imntended to be
within the scope of the claims appended hereto. While the
methods disclosed herein have been described with refer-
ence to particular operations performed 1n a particular order,
it should be understood that these operations may be com-
bined, sub-divided, or re-ordered to form an equivalent
method without departing from the teachings of the present
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disclosure. Therefore, unless specifically indicated herein,
the order and grouping of the operations are not limitations
of the present disclosure.

What 1s claimed 1s:

1. An optical device, comprising:

a first circuit layer;

an optical component disposed on the first circuit layer,
wherein the optical component has a light emitting area
facing away from the first circuit layer and a backside
surface facing the first circuit layer, and wherein the
optical component comprises a first conductive pad and
a second conductive pad electrically connected with the
optical component and the first circuit layer;

an electronic component disposed on the first circuit layer
and electrically connected with the first circuit layer;

a first conductive pillar disposed on the first conductive
pad and having a first surface facing away from the first
conductive pad;

a second conductive pillar disposed on the second con-
ductive pad and having a second surface facing away

from the second conductive pad;

a third conductive pillar disposed on an active surface of
the electronic component facing away from the first
circuit layer, wherein the third conductive pillar has a
third surface facing away from the first circuit layer;
and

an encapsulant disposed on the first circuit layer and
covering the optical component, wherein the backside
surface of the optical component 1s exposed from the
encapsulant,

wherein the first surface of the first conductive pillar, the
second surface of the second conductive pillar, and the
third surface of the third conductive pillar are substan-
tially coplanar, and

wherein the first conductive pad and the second conduc-
tive pad have different thicknesses.

2. The optical device of claim 1, wherein the first con-
ductive pad and the second conductive pad are disposed
adjacent to the light emitting area of the optical component.

3. The optical device of claim 1, further comprising a
connecting element disposed adjacent to the optical com-
ponent and configured to electrically connect the first con-
ductive pad with the first circuit layer.

4. The optical device of claim 3, further comprising a
second circuit layer disposed on the optical component and
configured to electrically connect the first conductive pad
with the connecting element.

5. The optical device of claim 4, wherein the second
circuit layer comprises a region configured to allow a light
of the optical component passing through.

6. The optical device of claim 4, further comprising a filter
disposed on the second circuit layer.

7. The optical device of claim 1, wherein the first con-
ductive pillar and the second conductive pillar have different
thicknesses.

8. The optical device of claim 1, wherein the electronic
component further comprises a third conductive pad and a
fourth conductive pad, and wherein a thickness of the third
conductive pad and a thickness of the fourth conductive pad
are substantially equal to each other.

9. The optical device of claim 1, wherein the electronic
component further comprises a backside surface opposite to
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the active surface of the electronic component, and wherein
the backside surface of the electronic component 1s exposed
from the encapsulant.

10. An electronic device, comprising:

a first circuit layer;

a first electronic component disposed on the first circuit
layer, wherein the first electronic component has an
active surface facing the first circuit layer and a back-
side surface facing away from the first circuit layer, and
wherein the first electronic component comprises a first
conductive pillar and a second conductive pillar elec-
trically connected with the first electronic component
and the first circuit layer;

a first conductive pad disposed on the active surface of the
first electronic component and electrically connected
with first conductive pillar and the first electronic
component

a second conductive pad disposed on the active surface of
the first electronic component and electrically con-
nected with second conductive pillar and the first
clectronic component and

an encapsulant disposed on the first circuit layer and
covering the first electronic component, wherein the
backside surface of the first electronic component 1s
exposed from the encapsulant;

wherein the first conductive pillar and the second con-
ductive pillar have different thicknesses, and wherein
the first conductive pad and the second conductive pad
have diflerent thicknesses.

11. The electronic device of claim 10, wherein the first
conductive pillar has a first surface facing away from the
first conductive pad and the second conductive pillar has a
second surface facing away from the second conductive pad,
and wherein the first surface of the first conductive pillar and
the second surface of the second conductive pillar are
substantially coplanar.

12. The electronic device of claim 11, further comprising
a second electronic component disposed on the first circuit
layer and electrically connected with the first circuit layer.

13. The electronic device of claim 12, wherein the second
clectronic component comprises an active surtace facing the

first circuit layer and a third conductive pillar disposed on
the active surface of the second electronic component,
wherein the third conductive pillar has a third surface facing
the first circuit layer and substantially coplanar with the first
surface of the first conductive pillar.

14. The electronic device of claim 13, wherein the second
clectronic component further comprises a third conductive
pad and a fourth conductive pad, and wherein a thickness of
the third conductive pad and a thickness of the fourth
conductive pad are substantially equal.

15. The electronic device of claim 12, wherein the encap-
sulant covers the second electronic component, and wherein
the second electronic component 1s partially exposed from
the encapsulant.

16. The electronic device of claim 15, further comprising
a second circuit layer disposed on the encapsulant and
clectrically connected with the first electronic component
through the first circuit layer.
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